STUDY QUESTION: How do households recover financially from direct out-of-pocket payment for government subsidized ART?
MAIN RESULTS AND THE ROLE OF CHANCE:
The participation rate in this follow-up study was 54.1% with equal representation from the three socio-economic tertiles. The average duration of follow-up was 46.1 months (±9.78 SD) and respondents' mean age was 42 years (range 31-52). The recovery rate was below 50% for four of five strategies evaluated: 23.1% of households had re-purchased a sold asset; 23.5% had normalized a previous reduction in household spending, 33.8% had regained their savings, and 48.7% were no longer bolstering income through additional work. Two-thirds of households (60.0%) had repaid all loans and debts. The poorest households showed lower rates of recovery when compared to households in the richest tertile. Complete recovery from all strategies initiated was reported by only 10 households (13.7%): 1 of 19 in the lowest tertile, 3 of 30 in the middle and by 6 of 24 households in the richest tertile (P > 0.05). No association was found between the degree of financial recovery and additional cost burdens incurred, including related to babies born; or between the degree of recovery and ongoing pursuit of ART.
LIMITATIONS, REASONS FOR CAUTION:
The sample size was limited. The participation rate was just over 50%. Results were dependent on participants' narrative and recall.
WIDER IMPLICATIONS OF THE FINDINGS:
The willingness of patients to pay for ART does not necessarily imply the ability to pay. As a result, the lack of comprehensive third-party funding for ART can create immediate and long-term financial hardship which is more pronounced among poorer households. While more data on the impact of out-of-pocket payment for ART are needed to illustrate the problem in other low resource settings, the results from South Africa provide useful information for similar developing countries. The current absence of more extensive data should therefore not be a barrier to the promotion of financial risk protection for infertile couples, especially the poorest, in need of ART.
Introduction
The United Nations Sustainable Development Goal (SDG) 3.7 has renewed international commitment to universal access to sexual and reproductive health care services. In addition, SDG 3.8 challenges health systems to provide such access without undue financial risk to households. Unfortunately, these important goals may frequently seem elusive to infertile women and men who are in need of ART, especially but not only in low-resource settings (Dyer et al., 2013; Chambers et al., 2014) . Although ART is increasingly becoming available in the developing world, it can usually only be accessed by those who are willing and able to pay. This is so because few, if any, government or third-party scheme provides financial risk protection against infertility, i.e. any form of protecting people from the direct financial hardships related to the use of health services (Saksena et al., 2014) .
There is a growing body of literature that documents the impact of directly paying out-of-pocket for health services on household budget (McIntyre et al., 2006; Haghparast-Bidgoli et al., 2015; Beogo et al., 2016; Akazili et al., 2017) . This impact is commonly examined by comparing the direct payment for health services to household total or non-food expenditure and by documenting financial coping strategies that households adopt. Payments exceeding a certain percentage (usually 40%) of annual non-food expenditure have been described as catastrophic (Xu et al., 2007) . Financial coping strategies comprise a range of actions including dissaving measures-borrowing of money, access of savings and sale of assets-as well as reducing household expenditure and generating more income through additional work (McIntyre et al., 2006) . Qualitative evidence of the impact of healthcare costs on especially poor households has been captured in the 'Voices of the Poor' Report by the World Bank (Naraya et al., 2000) . It summarizes that 'poor health and illness are dreaded almost everywhere as a source of destitution. This is related to the costs of health care as well as to income lost due to illness'.
Most health economic studies on infertility have centred on ART (Connolly et al., 2008; Chambers et al., 2009 Chambers et al., , 2013 ESHRE Capri Workshop Group, 2015) . Original research has focused on calculating the cost of an ART cycle or live birth in different scenarios and settings, mostly in Western industrialized countries (Connolly et al.,2008; Chambers et al., 2013) . According to this research, the average cost of an ART cycle was approximated at 4 950 USD across 32 high-and middle-income countries with a wide range between countries; and even greater fluctuations in cost per live birth by country, intervention and age. In addition, the unique difficulty relating to infertility; how to attribute value to a new life and, from a societal perspective, to a future tax payer has been acknowledged (Pennings, 2008; Chambers et al., 2013; ESHRE Capri Workshop Group, 2015) . In contrast, the perspective of households that cover or contribute to the cost of ART has been less well documented.
To gain insight, and specifically to understand the financial reality of patients in our care, we conducted a study a few years ago among 135 couples who underwent ART in the public-academic health sector of South Africa, where treatment was subsidized but required copayment (Dyer et al., 2013) . Evaluating out-of-pocket payments for a single ART cycle, we documented a mean direct and indirect cost for treatment of €1311 and €217, respectively. We also calculated for each household the ratio between total out-of-pocket payment (for one cycle) and annual total non-food expenditure to determine catastrophic expenditure (i.e. an expenditure in excess of 40% of annual total household non-food expenditure) which was incurred by one in five households. This figure reached 51% in the lowest socio-economic tertile of the study group, and dropped to 2% in the richest tertile (P < 0.01). All participants described reducing household expenditure to offset the cost. In addition, nearly half took on additional work (46.7%) and borrowed money (42.2%), approximately two-thirds accessed savings (65.2%), while relatively few sold assets (7.4%). It was the purpose of this study to explore financial recovery some 4 years later. We expected that this follow-up would provide relevant information for the pre-ART counselling of patients and, more ambitiously, might inform decision makers in reproductive health access and resource allocation. Although this study was conducted in South Africa, we also considered this research as relevant to other countries where financial risk protection for ART is similarily lacking. This includes most developing countries, as well as countries with high income disparity. We thus anticipated the findings to be of sufficient general interest to deepen the understanding of the socio-economic impact of ART.
Materials and Methods

Ethical approval and informed consent
The study was approved by the Human Research Ethics Committee of the Faculty of Health Sciences, University of Cape Town. The nature of the study was explained to all eligible participants and consenting informants were enroled.
Setting, background and study popoulation
The study setting and population group has been previously described (Dyer et al., 2013) . Briefly, both the index and original study were conducted at the Reproductive Medicine Unit of Groote Schuur Hospital in Cape Town, which is one of few institutions offering ART in the public health sector of South Africa. Due to hospital budget-constraints, patients undergoing ART must, however, make additional payments for the cost of all medication and some laboratory overheads. These payments are over and above the standard hospital user fees which are stratefied according to means. Patients accessing ART mostly belong to the local urban community and cannot afford private care, which is the mainstay of ART in South Africa.
Between March 2009 and July 2011, 135 couples undergoing one ART cycle with conventional ovarian stimulation were recruited consecutively to the original study. At this time, conventional ovarian stimulation was the standard of care, although mild ovarian stimulation has since become an alternate option. A six-part questionnaire was developed which included questions from a STATS SA (the national statistical authority) survey. Additional information was captured relating to infertility, direct costs (defined as including all out-of-pocket payment for treatment and transport) and indirect costs (comprising all costs related to lost time and productivity during treatment) for ART and financial coping strategies. Interviews were conducted within 6 weeks of completion of the ART cycle. Based on annual household per capita expenditure, households were stratified into a lowest, intermediate and richest socioeconomic tertile of 45 households each.
All participants of the original study were eligible for inclusion in the index study and contacted~4 years later by one of the authors (L.V.). A minimum of three contact attempts was made. The nature of the followup research was explained to those contactable, together with the invitation to participate either telephonically or at a mutually suitable venue.
Aim and outcome measures
The primary aim was to evaluate financial recovery from the original ART cycle. We defined recovery as discontinuation or resolution of all strategies -initiated immediately or with delay -for the specific purpose of covering the original ART expenditure as follows: re-payment of all loans and debts related to the original ART cycle; regaining of all savings accessed; regaining of any asset sold; normalization of previously reduced household spending; and discontinuation of any additional income-generating activity. In addition, the current impact of the original expenditure was measured strictly subjectively on a 5-point Likert scale (1 = minimal impact; 5 = household survival is threatened) and any further cost burdens as well as ongoing fertility desire were recorded.
Data collection and analysis
A quantitative questionnaire, modelled on the previous six-part research instrument, was designed (Supplementary Information). Xhosa and Afrikaans translations were generated. All questionnaires were administered by one of the authors (L.V.). Data were collected between December 2013 and November 2014. Immediately prior to an interview, the participant's original questionnaire was reviewed in order to contextualize answers. Collected data were entered into the data base of the original study which was adapted to accommodate the new information.
The socio-demographic information and resolution of coping strategies were analysed descriptively. Three markers of recovery were calculated: An individual strategy recovery ratio as number of households reporting recovery over number of households that had initiated a particular strategy; a combined strategy recovery ratio (as a marker of recovery across the spectrum of coping strategies) computed as the ratio of strategies from which the household had recovered over strategies which had been initiated [being for example 66.7% if recovery was reported for two out of three strategies initiated], and then calculating the mean of this ratio for the entire cohort and for each tertile; and the number of households that reported complete recovery/resolution from all strategies initiated. Data were analysed using Stata ® 13 (https://www.stata.com) for the entire study group as well as by their original socio-economic tertile. The Pearson Chi squared test was used to determine differences between socioeconomic tertiles and associations between recovery and other variables.
Results
Of the 135 eligible couples, 48 (35.5%) were lost to follow up and 14 (10.4%) declined participation without being prompted for reasons resulting in a response rate of 54.1%. Based on the original sociodemographic characteristics, female non-respondents had significanty lower levels of education, were more likely to be un-employed or homemakers, and the average total out-of-pocket expenditure represented a higher share of their households' annual expenditure when compared to respondents (27.6% vs 15.8%; P < 0.05). No differences were observed between respondents and non-respondents in terms of ethnic distribution, average household size, medical scheme membership and average total cost for ART. Ten interviews were conducted in a private setting at our institution and 63 telephonically. In all instances, the female partner elected to be interviewed and all data were collected in English according to respondents' preference. The mean duration between the first and second data collection was 46.1 months (±9.78 SD). Respondents' mean age was 42 years (range 31-52). The majority were of Coloured ethnicity (n = 42; 57.5%) with the remainder being Black African (n = 14; 19.2%), White (n = 14; 19.2%) and Indian (n = 3; 4.1%). All but one couple were in the same relationship as previously.
Each household socioeconomic tertile was equally represented: 19 households from the poorest tertile, 30 from the intermediary and 24 from the richest tertile (P > 0.05). Twenty-one couples (28.8%) reported a pregnancy: 17 due to the original ART cycle, 2 following subsequent ART and 2 through natural conception. Seventeen live babies were born. Of the non-pregnant couples, 20 were still pursuing ART, 10 had or were involved with adoption and 32 had accepted childlessness. Forty respondents reported a new cost burden, which 16 attributed to a baby and the remainder to other overheads. The average monthly household expenditure reported was 1062€ (range 201€-3350€; converted from ZAR (South African Rand)). Table I documents financial recovery by individual strategy. Individual strategy recovery was highest for loans and debts (60.0%) and lowest for assets (23.1%) and household expenditure (23.5%). A third of households reported recovery of savings while about half recovered from the need of performing additional work.
The combined strategy recovery ratio was 40.7% for the entire cohort; in other words, households had on average recovered from 40.7% of strategies they had initiated but needed to maintain the remaining 59.3% to deal with the initial cost burden. Disaggregated by tertiles, the ratio was 26.5% in the poorest, 43.9% in the middle, and 47.9% in the highest tertile. Recovery rates were higher for richer households compared to poorer households but this difference did not reach statistical significance (P > 0.05). Complete recovery from all strategies was reported by ten households (13.7%): one in the lowest tertile, three in the middle and by six in the richest tertile, again this difference was not statistically significant at conventional levels.
Although, it is intuitive to expect an impact of additional costs on the rate of recovery, we found no significant association between the average combined strategy recovery rate and a new cost burden; nor with the time interval between original interview and follow up. Specifically, among the 56 couples without live birth, no association was found between the rate of recovery and ongoing pursuit of ART.
According to the 5-point Likert scale, participants reported that the current impact of the original expenditure for ART was minimal (n = 11); that the household managed easily (n = 15), was coping with difficulty (n = 36), was still trying to recover (n = 10); or that financial survival was threatened (n = 1). Dichotomizing these data resulted in a minimal or mild impact being reported by 26 participants (35.6%), while 47 respondents (64.4%) assessed the current impact as moderate to severe.
Discussion
To the best of our knowledge, this is the first study to report financial recovery, or lack thereof, from out-of-pocket payments for ART. Approximately 4 years after one cycle of ART with conventional ovarian stimulation, our results show <50% financial recovery for all but one outcome marker. The latter, recovery from loans and debts, demonstrated a 60% recovery rate. Our low rates of recovery are aligned with the finding that two-thirds of respondents rated the current financial impact as moderate to severe. Financial recovery may have been even worse among non-respondents as our sample was biased towards participants with 'better' sociodemographic characteristics.
We found no association between recovery and ongoing pursuit for ART which would suggest that the latter is not predominantly based on financial considerations. Similarly, we found no association between recovery and either additional cost burdens or variation in the duration of follow-up. This seems counterintuitive and underlying reasons are speculative. The low statistical power of the test for the above associations must also be recognized. The pattern that the poorest households had lower rates of recovery was on the other hand expected as they had the least resources and resilience for recovery.
Our results support the previously documented concern that a willingness to pay does not imply an ability to pay. In order to finance the cost of ART, many households had to resort to dis-saving, which is known to reduce resilience to future financial difficulties or shocks (McIntyre et al., 2006) . Our findings also reflect inequity in access to ART as the cost burden was heaviest among the poorest of our respondents. This is particularly concerning since, according to socioeconomic characteristics (e.g. current household expenditure, levels of education, employment status and medical scheme membership), study participants were more affluent than the average patient accessing our institution (Dyer et al., 2013) . This suggests a 'multi-layered' inequity in the context of our study: the poorest households were excluded from accessing ART in the first instance; the 'not-rich-not poor' were burdened the most; but even for many of the most affluent patients the financial impact was considerable and long term.
Recent reviews have re-iterated that infertility is a global, large-scale problem which cannot be addressed without ART (Inhorn and Patrizio, 2015; Gianaroli et al., 2016) . According to the latest World Report of the International Committee Monitoring ART, global utilization of ART in 2010 was 474 ART cycles per million population, with very wide variations between countries and regions (Dyer et al., 2016) . The inequality of access to ART is hence well documented; as is the inequity since those in greatest need are often the least likely to benefit from this technology both across countries (with poor countries having little or no ART capacity despite often high rates of tubal and severe male factor infertility) and within countries (with the poorest facing the greatest barriers to ART in many societies) (Bell, 2010; Bahamondes and Makuch, 2014) . For many of the poor, the lack of access to ART is often compounded by the infertility stigma and its many expressions including marital instability, abuse, financial hardship, as well as social discrimination and isolation (Dyer and Patel, 2012; Rouchou, 2013) . Conversely, it has also been observed that availability of ART reduces the infertility stigma and social suffering while impacting positively on gender norms and relations; with the greatest degree of change occurring in countries where ART is most accessible to all social classes (Inhorn and Patrizio, 2015) .
Our results highlight the importance of financial risk protection, which can only be provided if infertility is incorporated into third party funding schemes. Although in South Africa a Uniform Patient Fee Schedule exists in public institutions, which implies that patients are charged according to their financial means, ART has been excluded from this to date. Shifting some of the cost burden to the state would provide relief especially for the poorest households and could go hand in hand with access restrictions and regulations, for example related to the number of treatment cycles and embryos transferred. Additional cost reducing strategies on the side of ART will make funding more feasible or be a pre-requisite in low-resource settings (ESHRE Task Force on Ethics and Law, 2009 alternate incubation methods is still controversial (Bahamondes and Makuch, 2014; ESHRE Capri Workshop Group, 2015) . The strength of the study lies in its novelty, being the first to document financial impact on households several years after accessing ART. The research team had expertise in clinical care, health economics, and health care delivery in low-resources settings. Study limitations include a participation rate of just over 50% resulting in a relatively low number of respondents. Better rates may have been achieved had follow-up been planned from the beginning. Instead, this study was conceptualized only after completion of the original project. The variation in the interval between the two interviews was greater than planned and caused by temporary capacity limitations in the research team. As in our first study, we were entirely reliant on participants' narrative and recall. Field observations, household diaries and direct measurements of costs and expenditure would have increased the validity of our findings but would have required resources that were not available. Instead, we relied on coping strategies as a proxy-measure for financial recovery which according to previous research is a reliable indicator of financial hardship (Madan et al., 2015) . We cannot exclude a possible influence of a change in national economy, however South Africa's general economic outlook remained relatively similar over the 4 years. For example, the unemployment rate stayed at~25%, real GDP growth rate averaged~2% while income inequality stayed very high (The Presidency, 2014) . Moreover, respondents were carefully informed that their answers should only pertain to the original out-ofpocket payment for ART and their financial recovery from this expenditure. Lastly, our findings evidently apply in the first instance to the context and setting of our study. Nonetheless, we believe that our findings may conceptually reflect the situation in other developing countries, or in countries characterized by large income differentials and absence of third party funding for ART. Further research is required to establish to what extent this assumption is correct. In addition, qualitative studies would enrich our understanding how the desire for a child influences financial risk taking and decision making. This understanding could usefully inform not only the counselling of women and men prior to ART, but also the designing of health policies which address patient needs.
In summary, women and men who participated in both our studies were willing to make relevant financial sacrifices, often seemingly beyond their means, in order to access ART and fulfil their desire for a child. Approximately 4 years later, these sacrifices still lingered on. Moreover, the ongoing pursuit of ART by some who had not had a child was not associated with financial recuperation. Collectively this suggests that the desire for a child is so strong that it frequently overrides considerations pertaining to financial means and security, at least among those seeking care in our setting. While more studies would be needed to bolster evidence, the findings from this paper provide initial evidence for policy to address the population group that SDGs 3.7 and 3.8 seek to target.
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